METHODS: Using whole cell patch-clamp technique recorded membrane potential and current in single gastric myocytes isolated by collagenase.
RESULTS: Hyposmotic membrane stretch hyperpolarized membrane potential from -60.0mV±1.0mV to -67.9mV± 1.0mV. TEA (10mmol/L), a nonselective potassium channel blocker significantly inhibited hyposmotic membrane stretch-induced hyperpolarization. After KCl in the pipette and NaCl in the external solution were replaced by CsCl to block the potassium current, hyposmotic membrane stretch depolarized the membrane potential from -60.0 mV±1.0mV to -44.8 mV±2.3mV (P<0.05), and atropine (1 µmol/L) inhibited the depolarization of the membrane potential. Muscarinic receptor agonist Carbachol depolarized membrane potential from -60.0mV±1.0mV to -50.3 mV±0.3mV (P < 0. 0 5 ) a nd hy p o sm o ti c m e m br a ne st r e tc h potentiated the depolarization. Carbachol induced muscarinic current (I cch ) was greatly increased by hyposmotic membrane stretch.
CON CLUS ION: H y p o s m o t i c m e m b r a n e s t r e t c h
potentiated muscarinic receptor agonist-induced depolarization of membrane potential, which is related to hyposmotic membrane stretch-induced increase of muscarinic current.
INTRODUCTION
In gastrointestinal smooth muscle, stretch is a very important physiological stimulation. However, the first quantitative electrophysiological evidence about such a myogenic response emerged until an experiment was done that the recordings of tension and intracellular membrane potential were simultaneously carried out in the rabbit taenia coli [1, 2, 4] . It has been demonstrated that when the muscle was stretched the tension relates closely to the depolarization of the membrane potential and the frequency of the action potential [1] [2] [3] [4] , but the mechanism is not very clear that how stretch excited cell membrane and caused smooth muscle contraction. It is well known that muscarinic current is nonselective cation current which can depolarize membrane potential [5, 6] and contribute to calcium influx [7] . In our previous study we found that mechanical stretch increased the voltage-dependent calcium current [8] [9] [10] , and Kirber et al [11, 12] . reported that stretch activated ion channel (SACs)existed in gastric myocytes. In gut smooth muscle muscarinic current is very important for regulating motility of smooth muscle, but the relationship is not clear between muscarinic current and membrane stretch. In 1997, Waniishi et al [13] reported that hyposmotic membrane stretch increased muscarinic current in guinea-pig ileum. But the relationship of mechanical stretch and muscarinic receptor agonist-induced depolarization of membrane potential is not clear in gastric smooth muscle. Thus in this study, the relationship between hyposmotic membrane stretch and muscarinic receptor agonist-induced depolarization of membrane potential was investigated in antral gastric circular myocytes of guinea-pig.
MATERIALS AND METHODS

Preparation of cells
Guinea-pigs (obtained from the Experimental Animal Department of Norman Bethune University, Certificate No 10-6 004) of either sex weighing 300-350 g were anaesthetized by urethane(50 mg/kg). The antral part of the stomach was promptly excised and equilibrated in a Ca 2+ -free solution which was oxygenated, then the circular muscle layer was separated from the muscle layer and dissected into small segments (1×4 mm). These segments were kept in a modified Kraft-Bruhe (K-B) medium at 4 for 15 minutes. Then they were incubated at 36 in 4ml digestion medium (Ca
2+
-free PSS) containing 0.1 % collagenase ( ), 0.1 % dithioerythreitol, 0.15 % trypsin inhibitor and 0.2 % bovine serum albumin for 25-35 min. Then the softened muscle segments were transferred into the modified K-B medium, and single cells were dispersed by gentle agitation with a wide-bored fire-polished glass pipette. Isolated gastric myocytes were kept in modified K-B medium at 4 until use.
Electrophysiological recording
Isolated cells were transferred to a small chamber (0.1 ml) on the stage of an inverted microscope ( -70 Olympus, Japan) for 10-15 min to settle down, and continuously superfused with isosmotic physiologic salt solution (PSS) by gravity (2-3 ml/min). Glass pipettes with a resistance of 2 5 M were used to make a giga seal of 5 10 G . Whole-cell currents and Membrane potential were recorded with an Axopatch 1-D patch-clamp amplifier (Axon Instrument, USA) polygraph (RM 6200, Nihon Kohden, Tokyo, Japan). 
Drugs and solutions
Hyposmotic membrane stretch
Cells were superfused with normal and hypotonic solution.
Data analysis
Data were expressed as x s. Statistical significance was estimated by paired t-test. P < 0.05 were considered to be statistically significant. 
RESULTS
Effect of hyposmotic membrane stretch on membrane potential
Membrane current was clamped by the conventional wholecell patch clamp configuration and membrane potential was modulated to about -60.0 mV, so that it is close to resting potential of the gastric myocyte. After being superfused with hyposmotic solution (202 mOsm), the membrane potential hyperpolarized from -60.0±1.0 mV to -67.9±1.0 mV in a few seconds and the amplitude of polarization was increased by 13.4±1.6 % (Figure 1 , n = 10, P < 0.05). TEA, a nonspecific potassium channel blocker (10 mmol/L) significantly inhibited the hyperpolarization induced by hyposmotic membrane stretch, the membrane potential depolarized from -70.9 ±2.2 mV to -65.7±1.6 mV, inhibited from 100 % of control to 47.8±6.6 % (n =7, P <0.05, Figure 2 ). In the condition of KCl in the pipette and NaCl in the external solution were replaced by CsCl to block the potassium current, hyposmotic membrane stretch depolarized membrane potential from -60.0±1.0 mV to -44. 8±2.3 mV (n =5, P <0.05, Figure 3) . Effects of hyposmotic membrane stretch on muscarinic receptor agonist-induced depolarization of membrane potential Potassium current was still blocked by CsCl, muscarinic receptor agonist carbachol depolarized membrane potential from -60.0±1.0 mV to -50.3±0.3 mV and hyposmotic membrane stretch potentiated the depolarization of the membrane potential from -50.3±0.3 mV to -37.3±1.8 mV, the potentiated percentage is 239.4±10.6 % (n =3, P <0.05, Figure  4 ). When the membrane potential depolarized by hyposmotic membrane stretch, atropine (1µmol/L) inhibited the depolarization, the membrane potential hyperpolarized from -47.3±2.4 mV to -53.0 ±1.9 mV, inhibited from 100 % of control to 47.6±4.7 % (n =4, P<0.05, Figure 5 ). 
Effect of hyposmotic membrane stretch on muscarinic current
In conventional whole-cell patch clamp configuration, membrane potential was clamped at -20 mV, inward current was induced by carbachol and the mean value was 183.3±30.7 pA. Hyposmotic membrane stretch significantly increased muscarinic current induced by carbachol from 183.3±30.7 pA to 383.3±73.8 pA, and the increased percentage is 206.9±23.4 % (n=4, P<0.05, Figure 6 ).
DISCUSSION
The simple and main method of stretching cell membrane is hyposmotic cell swelling, in this study, we applied hyposmotic cell swelling to investigated the relationship between hyposmotic membrane stretch and muscarinic receptor agonistinduced depolarization of membrane potential. In present study, we observed that hyposmotic membrane stretch hyperpolarized membrane potential; TEA, a nonselective potassium channel blocker significantly inhibited hyposmotic membrane stretchinduced hyperpolarization. After KCl in the pipette and NaCl in the external solution were replaced by CsCl to block the potassium current, hyposmotic membrane stretch depolarized the membrane potential, and atropine inhibited the depolarization of the membrane potential. Muscarinic receptor agonist carbachol depolarized membrane potential and hyposmotic membrane stretch potentiated the depolarization; carbachol induced muscarinic current (I cch ) was greatly increased by hyposmotic membrane stretch.
It is must be mentioned here that we have applied hyposmotic membrane stretch which is not same as mechanical stretch under physiological condition, but it is the common method for stretching cell membrane now. It is well known that almost every kind of cells are able to regulate their volume so that they are still in the normal physiological condition [14, 15] . In this experiment, hyposmotic cell swelling is inevitable to elicit the reaction resist to volume increase, so calcium sensitive potassium channels were activated and have potassium and chloride ion efflux to decrease cell volume, our previous studies have proved it [16, 17] . In this work, hyposmotic membrane stretch includes two kinds of stimulation, one is cell volume increase; the other is cell membrane stretch, so it is inevitable to activate potassium channel. However, the focus of our study is the relationship between membrane stretch and muscarinic receptor agonist-induced depolarization of membrane potential, so we blocked potassium current to observe depolarization induced by muscarinic receptor agonist clearly. When the cell superfused with hyposmotic solution, the membrane potential was hyperpolarized, but in the condition of KCl in the pipette and NaCl in the external solution were replaced by CsCl to block the potassium current, hyposmotic membrane stretch d e p o l a r i z e d m e m b r a n e p o t e n t i a l . T h e r e f o r e t h e hyperpolarization induced by hyposmotic stress related to activation of potassium channel which is very important mechanism in cell volume regulation. In gut smooth muscle, stretch is very important physiological stimulation, the stretch caused smooth muscle contraction. There are two theories about the mechanism of stretch-induced smooth muscle contraction, one is nervous mechanism; the other is muscular mechanism. But the ionic channel event in muscular mechanism is not very clear. It is reported that stretch activated channel(SACs) were activated by membrane stretch in gastric myocyte, and this channel is not voltage dependent and nonselective cation [18, 19] . Our previous study found that hyposmotic membrane stretch increased L-type calcium current and it is related to cytoskeleton in gastric myocytes of guinea-pig [8, 9] . Waniishi et al [13] . observed that hyposmotic membrane stretch increase carbachol-induced muscarinic nonselective cation current obviously in ileum smooth muscle of guinea-pig. In present study, hyposmotic membrane stretch potentiated carbacholinduced depolarization of membrane potential and M receptor blocker, atropine significantly inhibited hyposmotic membrane stretch-induced depolarization. Since in the condition of clamping membrane potential, hyposmotic membrane stretch significantly increased carbachol-induced muscarinic current, so hyposmotic membrane stretch via increasing muscarinic Acetylcholine is very important for regulating gastrointestinal smooth muscle motility. When the muscarinic receptor is activated by acetylcholine, it not only releases the calcium from the calcium store through the G-protein path way [20] , but also activates a nonselective cation channel which can depolarize the membrane potential. Activation of the muscarinic receptor operated channel is followed by the entry of the cations such as calcium, and it induces the contraction of the muscle eventually. Our results demonstrated that in the gut myocytes, the mechanical stretch is probably one of the important mechanisms of regulating the muscarinic receptor operated channel. Therefore when the stomach is distended by food in physiological condition, gastric tonic contraction is potentiated via long and short-vagus nerve reflex, in another way, stretch may be potentiated the effect of vagus nerve on gastric tonic contraction through increasing muscarinic current. Since hyposmotic membrane stretch potentiats carbacholinduced depolarization through increasing muscarinic current, it may be also one mechanism in smooth muscle contraction caused by stretch.
